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ABSTRACT 
                         With the development of modern communications, in order to meet the 
needs of Social development and technological progress the optical fibre communications has 
become the main communication medium for its high reliability and security. Fibre-optic cable is 
the channel for signal transmission. It is an important Component in the entire fibre-optic 
network. Once the fibre-optic cable fault happened, the entire communication system would be 
impacted seriously. When Fault occurs, it is important to find out, locate it accurately, and 
remove it quickly.In this report we have firstly described what a optical fiber cable is along with 
it we have explained the different techniques used in multiplexing of Optical fiber network. Then 
according to the causes and characteristics of fibre-optic cable fault, we use the Optical Time-
Domain Reflectometer (OTDR) to test the line, determine the position and feature of the error 
point. Finally we get the solution to fix the problem. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Project Overview  
 
In today’s digital world there is an increase in data for users and 
Customers of various fields. So it has become to store this vast digital data process it and 
even transmit it if required. To take information transmission to the next stage as a result of 
advancement in technology the latest and fast technique we are using is “ Optical fiber 
communication system “.[6] 
 
 
Fig. 1.1.a   Optical fiber communication system 
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1.2 Need of Optical fiber 
 
It is very thin thread like material made of two co centric glass 
layer, used in Telecommunication, Data Networking and Different other fields as a link between 
different instruments and Communication devices. Fiber diameter is approximately 125 
micrometers while human hair diameter is 75 micrometers 
1.2.1 Optical Fiber Cable 
O.F Cable is a bundle of  fibers, protected with different protective 
layers. 
1.2.2 Cabling 
 
 
 
Fibers are made of Glass and Glass is brittle. So Fiber needs 
protection before its use. The  process to pack one or more fibers in a protective structure is 
called cabling. 
Length of the Cable in Drum is approximately 2 kms. 
1. It improves mechanical characteristics of a fiber without  deterioration of its 
optical 
properties 
2. Protects fiber environmentally, mechanically  from being damaged or degraded in 
performance. Optical fiber cable is available in variety of configurations 
depending on its application. 
1.2.3 Types of O.F. Cable 
There are two types of O.F. Cable 
1. Based on Protective material 
Metallic :- Cables use metallic protection 
Non–Metallic :-Cables use no metal component due to bad experience of 
lightning induction, MTNL use Non-Metallic O. F. 
2. Based on Nos. of Fiber Contained 
12 F Cable 24 F Cable 48 F Cable 96 F Cable 
 
 
Though there is great variety of cables, commonly used components in most of O F 
Cables are shown in fig.: - 
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Binder FillerFiber 
 
 
 
Outer Jacket Inner Jacket Buffer Central Strength 
Fig. 1.2.3.a Types of O.F cable 
1.2.4 Parts of Fiber Optic Cable 
1. Outer jacket or Outer sheath 2.  Inner jacket or Inner sheath 
3.  Rip cord 4.  Primary strength member 
5.  Binder 6.  Buffers and Fillers 
7.  Fiber (Coating+Core+Clad) 8. Water blocking compound (Jelly) 
9. Central strength member 
In some cables strong thick orange thread called Ripcord may be there bellow the inner 
jacket which is used to tear inner jacket longitudinally. 
1.3 Fiber Classification 
Based on material 
1) Glass Fibers [glass core & glass cladding] 
2) Plastic-clad Silica(PCS) Fibers [glass core & plastic cladding] 
3) Plastic Fibers [plastic core & plastic clad] 
Based on size 
1) Single-mode fibers 
2) Multi-mode fibers 
Based on refractive index 
1) Step-Index Fiber 
2) Graded-index Fiber 
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1.3.1 Single Mode( S M) Fiber 
Single Mode fiber optic cable has a small diametral core that allows 
only one mode of light to propagate. Because of this, the number of light reflections 
created as the light passes through the core decreases, lowering attenuation and creating 
the ability for the signal to travel faster, further. This application is typically used in long 
distance, higher bandwidth runs by Telcos, CATV companies, and Colleges and 
Universities.[1] 
 
 
 
1.3.2 Multimode (MM) Fiber 
Fig. 1.3.1.a Single mode fiber 
Multimode fiber optic cable has a large diametral core that allows 
multiple modes of light to propagate. Because of this, the number of light reflections 
created as the light passes through the core increases, creating the ability for more data to 
pass through at a given time. Because of the high dispersion and attenuation rate with this 
type of fiber, the quality of the signal is reduced over long distances. This application is 
typically used for short distance, data and audio/video applications in LANs. RF 
broadband signals, such as what cable companies commonly use, cannot be transmitted 
over multimode fiber.[1] 
 
Fig. 1.3.2.a Multi mode fiber 
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1.3.3 Step index MM Fibers 
Step-index fibers have a uniform core with one index of refraction, 
and a uniform cladding with a smaller index of refraction. (Air serves as the cladding in 
the simple glass tube example.) When plotted on a graph as a function of distance from 
the center of the fiber, the index of refraction resembles a step-function. The figure to the 
left illustrates how the index of refraction varies with location in a cross-section of a step- 
index fiber. [1] 
  
. Fig. 1.3.3.a Step index MM fiber 
1.3.4 Graded index MM Fiber 
In a multimode graded-index fiber the core has an index of refraction 
that decreases as the radial distance from the center of the core increases. As a 
result, the light travels faster near the edge of the core than near the center. 
Different modes therefore travel in curved paths with nearly equal travel times. 
This greatly reduces the spreading of optical pulses. Graded-index fibers therefore 
have bandwidths which are significantly greater than step-index fibers.[1] 
 
Fig. 1.3.4.a Multimode graded-index fiber 
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1.4 Optical fiber components 
 
 
 
Fig. 1.4.a Total internal reflection 
 
         1.4.1 Optical Transmitter 
 
The transmitter converts an electrical analog or digital signal into a 
corresponding optical signal. The source of the optical signal can be either a light emitting diode, 
a VCSEL, or a solid state laser diode. The most popular wave-lengths of operation for optical 
transmitters are 850, 1310 or 1550 nanometers. 
1.4.2 Optical Receiver 
The receiver converts the optical signal back into a replica of the original 
electrical signal. The detector of the optical signal is either a PIN-type photodiode or avalanche- 
type photodiode.[2] 
1.4.3 Buffers 
Length is slightly more than the buffer tube itself. Thus th cable itself can 
easily expand and contract without stressing the fiber. The diameter of this tube is 1.2 to 1.9 mm. 
The loose buffer is preferred for almost all out door applications. M/s SEICORE and M/s OPTEL 
make the loose tube buffers. 
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1.4.4 Tight Buffer
Fig.1.4.3.a Buffer 
The tight buffer has a plastic coating directly applied over the primary coating 
of the fiber. This type of construction provides better   crush and impact resistance. The tight 
buffer is also more flexible and allow tighter turn ratio. Tight buffers are generally used in indoor 
application. Where temperature variation are mixed and ability to make tight  turns The fibers are 
coated with a buffer immediately after being drawn. This buffer known as primary coating 
is made  of  silicon  rubber,  acrylate,  or  lacquer  and  is  applied  to  the  cladding  by  the  
fiber manufacturer. This primary coating serves as mechanical protection during the subsequent 
stage s of the cable manufacturing. The typical diameter of the fiber after primary coating is 250 
to 350 micrometer. After the primary coating the fibers are normally colored by passing through 
coloring machines and then the colored fibers are passed through the additional buffer which is 
known as secondary buffers. [2] These cable buffers are of two types:- 
1. Loose Buffer 
2. Tight buffer 
            1.4.4.1 Loose Buffer 
Loose buffer is used for containing fibers for isolating them from external 
forces while making out door cable. These buffers are filled with jelly like compound to provide 
additional cushioning an to prevent the intrusion of moisture. The inner diameter of buffer is 
several times that of the fiber. The buffer tube protects the fiber from any mechanical force 
acting on the cable. The fiber can adjust itself within the tube when the cable is distorted. As the 
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cable expand and shrink with change in temperature, it does not affect the fiber much .The fiber 
inside walls is desired. They do not protect the fiber from stressing or temperature variations. 
1.4.4.1 Pigtails 
Pigtails are tight buffer single fiber cables having connector  on one end. These 
are used to terminate the fibers of cables. 
1.4.4.2 Patch cords 
Patch cords are tight buffer cables having connector on both end. These are used 
for connecting optical instruments  or  systems in equipment room. 
 
  
Fig. 1.4.4.2.a Pigtails 
 
 
1.Primary Strength Member- It is the inner jacket yellow colored aramid yarn or Kevlar. It 
increase the tensile strength of  the cable 
2.Central Strength Member- is the central component of loose buffer cable. It is made of FRP or 
GRP (Fiberglass reinforce plastic or Glass reinforce plastic). It facilitates stranding of buffer 
around it. It protects cable from bending. 
The function of strength member is to add mechanical strength to the fiber. They 
protect the fiber from the tensions and strains generated during pulling, shearing and bending of 
the cable. The most common strength members are: 
1 Kevlar 
2 Aramid Yarn 
3 Fiber glass Reinforce Plastic (FRP) (Glass Reinforced Plastic GRP). 
Two types of cables are in used in DOT. 
1.4.5 Loose tube structure 
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This type of structure uses protective loose tube made of thermoplastic material. 
The tube may contain one or more fiber. These tubes are then stranded helically in continuous or 
alternate paths around a central strength member. The central strength member used in the cables 
are FRP or GRP. These tubes are generally filled with selected materials, which have stable 
physical characteristics over a wide temperature range. The cable interstices are filled with 
moisture resistant filling compound to retard the ingress and axial migration of water. The cable 
core is wrapped with a wrapping tape. 
Fiber Identification Scheme 
1. Blue                            7. Red 
2. Orange  8. Black 
3. Green                          9. Yellow 
4. Brown 10. Violet 
5. Slate 11. Pink 
6. White 12. Colourless. 
In most of the O F cable last fiber of buffer tube is found colourless. 
Different colours are used to identify the colour of fibers in the cable. This will ensure that fiber 
no. 1 in first cable is spliced to fiber 1 in the second cable and 2 to 2, 3 to 3 and so on. Hence, 
colour coding simplifies fiber identification. 
 
1.5 List of optical fiber layout components
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Sr No Name of component Functions and Specification 
1. Outer Jacket Orange PVC/Nylon; Outer dia 16mm; Thikness 0.7mm 
2 Inner Jacket Black polyethylene; Thickness 2mm; 
3 Primary Strength Member Aramid yarn filled with petroleum jelly, provides tensile strength 
4 Ripcord Orange silk thread for longitudinal cut of inner jacket. 
5 Binder White polyurethane tape or silk thread to bind all tubes 
6 Dummy Buffer or Filler White polyethylene 2mm dia solid item to fill the gap for giving 
round shape to the cable. 
7 Buffer Tubes 2mmdia hollow PVC tubes filled with paraffin jelly contain and 
protect the fiber. Fiber length is more than buffer length. 
Correction factor is 0.985 
8 Central Strength Member Made of  FRP or GRP ( Fiberglass reinforced plastic or Glass 
reinforced Plastic); 2mm dia, protects the cable from bending up 
to min bending radius 6’’ 
9 Colour Coating on Fiber Polymer coating , 10upports, protects and help to identify the 
fiber, with coating fiber dia 250 micrometers( 1micrometer=10
-6 
), 
10 Clad 125 micrometer  dia, made of silica glass of slightly lower(1%) 
Fig. 1.5.a Optical fiber layout components
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CHAPTER 2 
MULTIPLEXING AND FIBER LAYOUT 
2.1 Multiplexing Techniques 
2.1.1 Basic techniques: 
1. Frequency-division multiplexing – analog 
2. Wave-division multiplexing – analog 
3. Time-division multiplexing – digital 
2.1.1.1 Frequency-Division Multiplexing (FDM) 
1. Analog technique – when bandwidth of link is greater than combined bandwidth of 
signals to be transmitted 
2. Signals from each sending device modulate different frequencies 
3. Modulated signals are combined into a single composite signal 
4. Bandwidth ranges are channels through which the signals travel, separated by guard 
bands. 
 
Fig. 2.1.1.1.a Frequency division multiplexing 
2.1.1.2 FDM MUX Process 
 
 
Fig. 2.1.1.2.a M MUX process 
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2.1.1.3 FDM DEMUX Process 
 
 
 
Fig.2.1.1.3 FDM DEMUX process 
2.1.2 Wave-Division Multiplexing (WDM) 
1. Use light signals transmitted through fiber-optic channels 
2. Very narrow bands of light are combined from several sources to make a wider 
band of light 
3. A prism is used to bend the light beams based on the angle of incidence and 
frequency 
4. Receiver’s DEMUX separates signals 
 
 
 
Fig. 2.1.2.a Wave-Division multiplexing 
2.1.3 Time-Division Multiplexing (TDM) 
1. Process of combining digital signals from several sources whereby each 
connection occupies a portion of time in the link 
2. Link is sectioned by time rather than frequency 
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2.1.4 Need for WDM
Fig. 2.1.3.a Time-Division multiplexing 
1. Capacity upgrade of existing fiber networks (without adding fibers) 
2. Transparency: Each optical channel can carry any transmission format 
(different asynchronous bit rates, analog or digital) 
3. Scalability– Buy and install equipment for additional demand as needed 
4. Wavelength routing and switching: Wavelength is used as another dimension to 
time and space 
 
2.1.4.1Wavelength Division Multiplexing 
 
 
 
Fig. 2.1.4.1.a Wavelength division multiplexing 
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1. Passive/active devices are needed to combine, distribute, isolate and amplify 
optical power at different wavelengths 
2. WDM, CWDM and DWDM: 
3. WDM technology uses multiple wavelengths to transmit information over a 
single fiber 
4. Coarse WDM (CWDM) has wider channel spacing (20 nm) – low cost 
5. Dense WDM (DWDM) has dense channel spacing (0.8 nm) which allows 
simultaneous transmission of 16+ wavelengths – high capacity 
2.2 WDM and DWDM: 
1. First WDM networks used just two wavelengths, 1310 nm and1550 nm 
2. Today's DWDM systems utilize 16, 32,64,128 or more wavelengths in the 1550 nm 
window 
3. Each of these wavelength provide an independent channel (Ex: each may transmit 
10 Gb/s digital or SCMA analog) 
4. The range of standardized channel grids includes 50, 100, 200 and 1000 GHz 
spacing 
5. Wavelength spacing practically depends on: 
1. Laser line width 
2. Optical filter bandwidth 
 
 
 
Fig. 2.2.a   ITU-T Standard Transmission DWDM windows 
15  
2.2.1 DWDM Limitations: 
Theoretically large number of channels can be packed in a fiber 
For physical realization of DWDM networks we need precise wavelength selective devices 
Optical amplifiers are imperative to provide long transmission distances without repeaters. 
2.2.2 WDM Devices 
Photo detectors are sensitive over wide spectrum (600 nm). Hence, 
narrow optical filters needed to separate channels before the detection in DWDM systems 
 
 
 
 
 
2.2.3 Passive Devices 
Fig.2.2.2.a WDM wavelength 
1. These operate completely in the optical domain (no O/E conversion) and does not need 
electrical power 
2. Split/combine light stream Ex: N X N couplers, power splitters, power taps and star 
couplers 
3. Technologies: - Fiber based or 
1. Optical waveguides based 
2. Micro (Nano) optics based 
4. Fabricated using optical fiber or waveguide (with special material like InP, LiNbO3
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2.3 Fiber Layouts 
2.3.1 Ribbons 
 
 
 
 
 
Fig. 2.3.1.a Ribbons 
In the initial stage of laying down a fiber it has to be packed in ribbons 
beside the other in parallel form. Ribbon cables can be installed in aerial, duct, and direct buried 
applications. Ribbon fibre cables are suitable for aerial lashed, duct, or direct buried applications. 
Ribbon cables are available in gel-filled tubes and dry tubes. Manufactures produce both gel- 
filled and dry tube ribbon cables. Ribbon fibres can be spliced to a loose tube cable. It is a 
common practice to take 12 loose fibres and build a ribbon for mass fusion splicing. It is also 
common practice to remove the over coating from a ribbon and splice single fibres together. The 
term used for the coating that holds the 12 fibres into a rectangular shape in a ribbon cable is 
Matrix or Acrylic The over coating is used to describe the clear coating that holds the 12 fibres 
into a flat rectangular shape. In standard ribbons, the 12 fibres are lying beside each other with 
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no space between the fibres. The thin, clear over coating holds the fibres together in a rectangular 
shape.12 fibres in a ribbon are most common, but in cables containing 288-432 fibres, a 24 fibre 
ribbon is typically used. 
 
2.3.2 Binders 
 
 
 
 
 
 
 
 
 
 
Fig. 2.3.2.a Binders 
Loose tube fiber optic cables typically use crisscrossing binder yarns that 
are counter-helically wrapped about a core of the cable to constrain stranded buffer tubes 
containing optical fibers, particularly with arrangements of the buffer tubes that include reverse- 
oscillatory winding patterns of the buffer tubes where the lay direction of the buffer tubes 
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periodically reverses around a (straight) central strength member along the length of the core. 
The central strength member is typically a rod of a rigid material. Buffer tubes are typically 
cylindrical tubes (generally 2 to 3 mm in outer diameter) that contain optical fibers. Open space 
in the interior of a buffer tube may be water-blocked with grease. The binders also provide a 
way to keep the subgroups bundled helping with future identification. Once the string 
binder is removed from the bundle, a small knot can be loosely tied around the 12-fiber bundle 
at the end of the tube. 
 
2.3.3 Outer jackets 
 
 
 
 
 
 
 
Cable Jacket Materials 
Polyethylene (PE) 
Fig. 2.3.3.a Outer jackets 
PE (black color) is the standard jacket material for outdoor fiber optic 
cables. PE has excellent moisture – and weather-resistance properties. It has very stable 
dielectric properties over a wide temperature range. It is also abrasion-resistant. 
Polyvinyl Chloride (PVC) 
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PVC is the most common material for indoor cables; however it can also be 
used for outdoor cables. It is flexible and fire-retardant. PVC is more expensive than PE. 
Polyvinyl di-fluoride (PVDF) 
PVDF is used for plenum cables because it has better fire-retardant properties 
than PE and produces little smoke. 
2.4 Tools used in Optical fiber sheath removal or end preparation 
 
Sr No Name of tool Functions 
1. Cable Cutter or Hacksaw To cut the cable completely. 
2 Measuring tape For measuring required length of cable 
3 Marking pen For marking the cable and buffer 
4 Jacket Remover To remove outer orange jacket 
5 Screw driver To hold the rip chord and to open and tighten the closer screws. 
6 Utility Knife To cut the inner (black) jacket circumferentially 
7 Scissor To cut the rip chord , aramid yarn, binders, fibers, adhesive tape 
8 Diagonal Cutter To cut central strength member, fillers 
9 Vinyl Tape(insulation tape) For marking the cable,and picking the small fiber pieces 
10 Jell off paper/Tissue paper To clean the jelly 
12 Towel Cloth To clean the cable 
13 Number rings For buffer tube identification 
14 Magnifying lens & 
Tweezer 
To search and pick fiber bits 
Fig. 2.4.a (Table-A) For Sheath Removal 
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Sr No. Name of Tool Function 
1 Fiber Striper To strip the color coating of the fiber (4 cm in length) 
2 Fiber cutter( Cleaver) To cut the fiber perpendicular to fiber axis 
3 Tissue paper To clean the jelly of fiber 
4 Acetone or Isopropile-aloc To clean the fiber jelly 
5 Fusion Splicer To Splicer the clean & Cleaved fiber ends 
Fig.2.4.a (Table B)   For Fusion Splicing 
 
 
  
 
Fig. 2.4.a .1 (Table-A) For Sheath Removal 
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Fig. 2.4.a.2Fusion splicing instrument Fig. 2.4.a.3 Diamond 
Cutter and Cleaver 
 
 
 
 
 
 
Fig. 2.4.a.4 Hot jacket stripper 
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CHAPTER 3 
OTDR (Optical time domain reflectometer) 
 
 
3.1 Working 
3.1.1 Block diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            Fig. 3.1.1.a OTDR 
    3.1.2 OTDR Display 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
                                                Fig. 3.1.2.a OTDR display 
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                     The OTDR shows the time or distance on the horizontal axis 
and amplitude on the vertical axis. The horizontal axis’s unit is shown in 
meters or kilometres, and dB (decimal) in vertical axis.[3] 
 
3.2 OTDR Terminology 
3.2.1 OTDR Trace 
 
 
                                                                            Fig. 3.2.1.a OTDR Trace 
 
3.3 OTDR end location 
 
 
                                                               Fig. 3.3.a  OTDR end location 
 
3.4 Measuring cable length 
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                                               Fig. 3.4.a  Measuring cable length 
 
 
The first step in measuring the length of a cable segment is to 
horizontally zoom in on the interconnection. We put the cursors in the leading edge of the 
reflective 
events for that segment. The cursors should intersect the leading edge of the reflective 
event at the same vertical height above the smooth part of the trace. The distance between 
two cursors is the length of the cable segment.[3] 
 
3.5 Measuring the loss of a fusion splice or macro bend 
 
 
Fig. 3.5.a Measuring the loss of fusion splicing 
 
In order to find accurate fusion splice loss, the splice must be tested in both direction 
and the result average together. The losses of loss and gain should be added together 
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and the sum divided by 2. To find the loss of a fusion splice or macro bend, horizontally 
zoom in on the event. The loss from a fusion splice or macro bend is typically very small 
and will require Vertical zoom in addition to horizontal zoom. Place the A cursor on the 
smooth part of the trace before the dip in the trace. Place the B cursor on the smooth part of 
the Trace after the dip, as shown in Figure 3.10. The loss for this event is 0.25 dB. The Loss 
for the event includes the loss for the fusion splice or macro bend plus the 50 m of optical 
fibre between the cursors. Subtract the loss for the 50 m of optical fibre  That was previously 
measured at 0.14 dB from the event loss. The loss for this Fusion splice or macro bend is 0.11 
dB.[3] 
 
 
3.6 Reflective (Event dead zones) 
 
 
 
 
Fig. 3.6.a  Event dead zone 
 
A peak or blind spot on an OTDR trace where no measurement can 
be made. This is caused by a Fresnel reflection and the subsequent recovery time of the 
OTDR detector. Dead zones are always prominent at the very beginning of a trace or at 
any other high reflectance event.[4] 
3.7  Non-reflective (Attenuation dead zones) 
 
 
Fig. 3.7.a Attenuation dead zones 
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3.8 OTDR distance measurement 
 
 
 
 
Fig. 3.8.a OTDR distance measurement 
3.9 Splicing of Optical Fiber 
 
3.9.1 Preparation of optical fiber cable for splicing 
 
 
Fig. 3.9.1.a Sheath removal and end preparation 
Procedure (For Seicore make Of cable): 
1. Mark the cable at 1.5 to 2 mtr from open end to be spliced 
2. Remove outer orange jacket by jacket remover (by first 
round cut on the marking then longitudinal cut.) 
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3. Remove inner black jacket in leaving about 12 cm from outer 
jacket. 
a. For it, cut it in small pieces by several round cut. Be 
careful, by deep cut buffer tube and fiber may be 
damaged. 
b. If ripcord is there bellow inner jacket, hold it by 
screw driver pull towards marked round cut to tear 
the inner jacket. 
4. Clean by tissue paper, cloth, or jell off paper 
5. Cut the ripcord, aramid yarn and thread or plastic binders by 
scissor or utility knife. 
6. Clean the buffers by tissue paper, cloth cleaning liquid or 
jell off paper. 
7. Buffers will be opened from central strength member and 
from each other. 
8. Cut the fillers completely, and strength member leaving 
4cm length using diagonal cutter (5cm = length between 
cable holder and strength member holder in joint closer. 
9. Clean buffers by dry tissue paper or towel. Number the buffers 
by pushing number rings. 
10. Start from blue - End on orange 
11. Push the heat shrinkable tube over the cable (to seal the cable 
inlet after closing SC4. 
12. Open the cable inlet of joint closer (SC4/BJC/SJC) cutting by 
hacksaw. 
13. Insert buffers and cable through cable inlet into closer assembly. 
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                                               Fig. 3.9.1.b Fiber arrangement 
14. Tight central strength member and inner jacket of cable in their holders. 
15. There are splice trays in joint closer assembly, each having12 slots for splices. 
Load the buffers containing first 12 fibers to be spliced, into first tray that is from 
bottom side. 
16. Remove all cut buffers and clean the fibers first with tissue and acetone or 
alcohol. 
17. Now bind the buffers in tray by ties at start and middle of trap in one side. 
18. Keep the fibers safely. 
19. Repeat the above procedure for other cables to be joined and load the buffers at 
other edge of same splice tray and tight it.[5] 
Observation 
 
Now the cable ends are ready for splicing 
 
Precaution 
1. Buffer tubes and fibers should not get kinked during sheath removal. 
2. Be careful at the time of handling tools which are sharp.[5] 
 
 
3.10 Splicing techniques 
Tools and Materials Required: 
1. Tools as per table B (Pg 28) 
2. Prepared cable ends in splice closer or OFTB 
O.F. Cable Splicing 
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Making permanent connection between two fibers is called. 
Splicing Methods 
The following three types are widely used: 
1. Adhesive bonding or Glue splicing. 
2. Mechanical splicing. 
3. Fusion splicing. 
 
 
3.10.1 Adhesive Bonding or Glue Splicing 
This is the oldest splicing technique used in fiber splicing. 
After fiber end preparation, it is axially aligned in a precision V–groove. Cylindrical rods 
or another kind of reference surfaces are used for alignment. During the alignment of 
fiber end, a small amount of adhesive or glue of same refractive index as the core 
material is set between and around the fiber ends. A two component epoxy or an UV 
curable adhesive is used as the bonding agent. The splice loss of this type of joint is same or 
less than fusion splices. But fusion splicing technique is more reliable, so at present this 
technique is very rarely used. 
3.10.2 Mechanical Splicing 
This technique is mainly used for temporary splicing in 
case of emergency repairing. This method is also convenient to connect measuring 
instruments to bare fibers for taking various measurements. 
The mechanical splices consist of 4 basic components: 
1. An alignment surface for mating fiber ends. 
2. A retainer 
3. An index matching material. 
4. A protective housing 
A very good mechanical splice for M.M. fibers can have an 
optical performance as good as fusion spliced fiber or glue spliced. But in case of single 
mode fiber, this type of splice cannot have stability of loss. 
3.10.3 Fusion splicing 
The fusion splicing technique is the most popular technique used for achieving very low 
splice losses. The fusion can be achieved either through electrical arc or through gas flame. 
The process involves cutting of the fibers and fixing them in micro– positioners on the 
fusion splicing machine. The fibers are then aligned either manually or automatically core 
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aligning (in case of S.M. fiber) process. Afterwards the operation that takes place involve 
withdrawal of the fibers to a specified distance, preheating of the fiber ends through 
electric arc and bringing together of the fiber ends in a position and splicing through high 
temperature fusion. If proper care taken and splicing is done strictly as per schedule, then 
the splicing loss can be minimized as low as 0.01 dB/joint. After fusion splicing, the 
splicing joint should be provided with a proper protector to have following protections: 
1. Mechanical protection 
2. Protection from moisture. 
Sometimes the two types of protection are combined. Coating with Epoxy resins protects 
against moisture and also provides mechanical strength at the joint. 
 
 
 
 
                                              Fig. 3.10.3.a Protection sleeve 
Now–a–days, the heat shrinkable tubes are most widely used, which are fixed on the 
joints by the fusion tools. 
The fusion splicing technique is the most popular technique used for 
achieving very low splice losses. The introduction of single mode optical fiber for use in 
long haul network brought with it fiber construction and cable design different from those 
of multi- mode fibers. 
The splicing machine's main functions are: 
1. Auto active alignment of the core. 
2. Auto arc fusion. 
3. Video display of the entire process. 
4. Indication of the estimated splice loss. 
The two fiber ends to be spliced are cleaved and then clamped in 
accurately machined vee–grooves. When the optimum alignment is achieved, the fibers are 
fused under the microprocessor control, the machine then measures the radial and angular 
off–sets of the fibers and uses these figures to calculate a splice loss. The operation of 
the machine observes the alignment and fusion processes on a video screen showing 
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horizontal and vertical projection of the fibers and then decides the quality of the splice. 
The splice loss indicated by the splicing machine should not be taken as a final value as   
it is only an estimated loss and so after every splicing is over, the splice loss measurement 
is to be taken by an OTDR (Optical Time Domain Reflectometer).The manual part of the 
splicing is cleaning and cleaving the fibers. For cleaning the fibers, Di chlorine Methyl or 
Acetone or Alcohol is used to remove primary coating. With the special fiber cleaver or 
cutter, the cleaned fiber is cut. The cut has to be so precise that it produces an end 
angle of less than 0.5 degree on a prepared fiber. If the cut is bad, the splicing loss will 
increase or machine will not accept for splicing. The shape of the cut can be monitored on 
the video screen, some of the defect noted while cleaving are listed below: 
1. Broken ends. 
2. Ripped ends. 
3. Slanting cuts. 
4. Unclean ends. 
It is desirable to limit the average splice loss to be less than 0.1 dB 
,for joining optical cables two types of closures are used, for underground application, SC–4 
splicing closure supplied by SEICOR USA ,for equipment room Wall Splice 
Closure(WSC). The process of splicing is as given below: 
1. Cable Sheath Removal 
2. Splicing Closure Preparation (WSC & SC4). 
3. Fiber strip and splicing (using splicing machine by fusion process). 
4. Splicing–tray loading. 
The  various  processes  are  discussed  in  details  in  the  following  
section (considering SEICOR Cable). 
3.11Precautions while handling OFC 
3.11.1 Precautions to be Observed in Preparation of Optical Fiber Cable 
1. Inner sheath must be cut very carefully at the end as it may lead to damage of the 
cable by cutting the buffer tube. 
2. Care should be taken to avoid eye injury resulting from the cut portion of the central 
member striking the face. Hold the end of central member firmly when cutting. 
3. Jerks at the end of the cable must be avoided while cleaning the buffer tubes as it 
may lead to cracking of the buffer tubes and strain in the fiber. 
32  
3.11.2 Preparation of Pigtails 
 
Pigtails are used for termination of cables in equipment room. The 
 
 
Fig.3.11.2.a  Pigtail connections. 
cable is coming to WSC in equipment room and from WSC to fiber distribution panel (FDP) 
the pigtail. 
 
      Fig. 3.11.2.b Pigtail 
3.11.3 Precautions to be observed in Preparation of Pigtails: 
1. Ensure that the pigtails are of equal length. 
2. Ensure that pigtails are numbered correctly. [5] 
 
 
3.11.4 Preparation of Splice Closure 
There are two types of splice closures – one to be installed in a pit 
(SC–4) and the other to be installed on wall (WSC). 
The general steps related to splice closure are given below:  
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1. Locate the splice pit. 
2. Mark the splice number and route name on the joint indicator. 
3. Open the splice pit. 
4. Record the meter marks of the cable. 
5. Coil the spare cable. 
6. Prepare end caps including fixing of cable in end cap. 
7. Assemble the closure. 
The details of WSC and SC4 are given below: 
1. Pigtail cables–tight–buffered fibers (with connectors on one end) are 
spliced to the cable fibers coming from or going to outside 
2. Anchoring screw – used to secure the strength member to the strain relief 
bracket. 
3. Strain relief brackets – used as strain relief for multi-fiber cable. 
4. Fastener locations – used with fasteners to secure the front panel to the unit. 
5. Cable ties – used to secure cables. 
6. Cable contains fibers from the outside environment which are spliced to 
pigtail cables or other multi fiber cables. 
7. Knockouts – when removed provide location for cable routing. 
8. Cable retaining guide – used to hold the cable in position. 
9. Wire stacker – used to store splice trays. 
10. Screw holes – locations used to mount strain relief brackets. 
11. Splice tray – used to store splices. 
12. Identification label – used to make an installation plan as well as a 
record of splicing information; located on the  front  panel.  All  vital  
information  about the installation should be recorded on this label.[5] 
3.12 SC–4 Type Closure 
The SC–4 closure is used in route. Its underground application needs the 
water proofing of the closure. 
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Fig. 3.12.a  SC-4 Type closure 
3.13.1 Loading of Splice Trays in SC4 
The following steps are followed for field splicing: 
1. Remove 150 cms of buffer tubes. 
2. Clean the fibers. 
3. Load the buffer tubes in the tray 
4. Place the fibers in the tray 
5. Close the trays. 
 
 
Fig. 3.13.1.a Loading of Buffer Tubes in the Tray 
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Terminations at WSC: 
The following steps are followed for termination 
1. Remove the buffer tube. 
2. Clean the fibers. 
3. Load the buffer tubes. 
4. Place the fibers in the tray. 
5. Load the Pigtails. 
6. Place the Pigtails in the tray. 
7. Close the tray. 
1. Micro bending Loss: It is due to distortion of the fiber axis during 
manufacturing of cable. 
2. Macro bending Loss:- It is due to laying of cable with sharp bend. A minimum bend 
radius should be maintained to avoid losses. The minimum bend radius is five times 
the cable diameter for an unstressed cable and ten times the diameter for a stressed 
cable.[5] 
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CHAPTER 4 
OPTI-SYSTEM SOFTWARE 
 
4.1 Introduction to Opti-System 
                                                         The most effective way for you to become familiar with 
Opti-System is to complete the tutorials and read the advanced simulation projects in this 
document. [24]  
 
      4.1.1 Transmitter-External modulated laser 
 
                                                          This lesson describes how to create a transmitter using an 
external modulated laser. You will become familiar with the Component Library, the Main 
layout, component parameters, and visualizers. [24] 
 
To start Opti-System, perform the following procedure: 
 
 Starting Opti-System: 
1. On the Taskbar, click Start. 
2. Select Programs > Optiwave Software > Opti-System 9 > Opti-System. 
Opti-System opens and the graphical user interface appears (see 
Figure).[24] 
             
                                      Fig. 4.1.1.a Opti-System graphical user interface 
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 4.2 Main parts of the GUI 
The Opti-System GUI contains the following main windows: 
1. Project layout 
2. Dockers 
 Component Library 
 Project Browser 
 Description 
3. Status Bar 
 
4.2.1 Component Library 
 
                                     Access components to create the system design (see 
Figure). [24] 
. 
                      
                                             Fig.4.2.1.a  Component Library window 
                       
         4.2.2 Project Browser 
                                                                  Organize the project to achieve results more 
efficiently, and navigate through the current project (see Figure). [24] 
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                                                     . 
                                                                   Fig. 4.1.4.2 Project browser window                           
 
               4.2.3 Description 
 
                           Display detailed information about the current project (see Figure).[24] 
                                                      
                                                                     Fig. 4.1.4.3 Description window 
      4.3 Status Bar 
                             Displays useful hints about using OptiSystem, and other help. Located below 
the Project layout window.[24] 
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 4.4 Using the Component Library 
                                In the following example, you design the external modulated transmitter. You 
will select components from the Component Library and place them in the Main layout.[24] 
                  Note: Opti-System provides a set of built-in default components. 
                To use the Component Library, perform the following procedure. 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > 
Optical Sources. 
3. Drag the CW Laser to the Main layout. 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
 
 
Fig. 4.4.a  Adding a CW Laser to the Main layout 
6. From the Component Library, select Default > Transmitters Library > Bit Sequence 
Generators. 
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7. Drag the Pseudo-Random Bit Sequence Generator to the Main layout. 
8. From the Component Library, select Default > Transmitters > Pulse Generators 
> Electrical. 
9. Drag the NRZ Pulse Generator to the Main layout. 
 
              
                     Fig. 4.4.b Adding components to the Main layout           
   4.5 Running the simulation 
Opti-System allows you to control the calculation in three different ways:  
1. Calculate the whole project: all sweep iterations for multiple 
layouts  
2. Calculate all sweep iterations in the active layout: all sweep 
iterations for the current layout 
3. Calculate current sweep iteration: current sweep iteration for the 
current layout 
                              By default, you will calculate the whole project, since there are currently no 
multiple layouts and no sweep iterations. 
                              To run a simulation, perform the following procedure.  
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1. From the File menu, select Calculate. 
2. The OptiSystem Calculations dialog box appears (see Figure). 
3. In the OptiSystem Calculations dialog box, click Run to start 
the simulation (see Figure). 
 
                               The calculation output appears in the dialog box, and the simulation results 
appear below the components that were included in the simulation in the Main layout. [24] 
 
                       
                                                           Fig. 4.5 Running the simulation  
   4.6 Saving the simulation results 
                                             Opti-System allows you to save the data from the monitors. This 
allows you to save the project file with the signals from the monitors. Next time you load the 
file, the visualizers will recalculate the graphs and results from the monitors. [24] 
                      To save the simulation results, perform the following procedure. 
  
1. After the calculation ends, from the Tools menu, select 
Options. The Options dialog box appears (see Figure). 
2. Select Save Monitor Data, and click Save. The results are 
saved with the project file. 
3. Select File > Calculate. The Optisystem Calculations dialog 
box appears. 
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4. In the OptiSystem Calculations dialog box, click Run to start 
the simulation (see Figure). 
5. When the calculation is finished, select File > Save As. The 
Save As dialog box appears (see Figure). 
6. Save the project. 
 
                      Note: When saving monitors the project file size may become very large. There is 
also a delay when reloading the project, due to the fact that visualizers will recalculate during 
the loading of the file. 
 
4.7 Component Library 
The Opti-System Component Library consists of four sub-libraries (see 
Figure). 
 
1. Default: Read-only — you cannot add or change the parameters of 
a default component. 
2. Custom: Allows you to add new components and expand the 
Component Library. 
a. Note: You can base new components on components from 
the Default library. However, the component name must 
be different from the name of the component in the Default 
library. You can also include subsystems in the Custom 
library. 
3. Favorites: Allows you to add components to a library that 
includes the ones you use most frequently. 
4. Recently used: Components that you have used in recent projects 
are added automatically to the Recently used library. 
 
 
Fig. 4.7 Component Library 
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                 Before you add the External Modulated Transmitter to the Custom library, you 
will create a new folder named Transmitters (see Figure). [24] 
                    4.7.1 Components used in the project 
1. BER Analyzer                                             7.  Optical Attenuators 
2. CW Laser                                                    8.  Optical Fiber 
3. Low Pass Butterworth Filter                     9.  PIN Photodiode 
4. MZ Modulator                                            10. Pseudo Random BSG 
5. NRZ Pulse Modulator                                11. WDM Mux 
6. Optical Amplifier                                       12.  WDM De-mux 
 
4.7.1.1 BER Analyzer 
                                            In digital transmission, the number of bit errors is the number of 
received bits of a data stream over a communication channel that have been altered due 
to noise, interference distortion or bit synchronization errors. The bit error rate (BER) is the 
number of bit errors per unit time. The bit error ratio (also BER) is the number of bit errors 
divided by the total number of transferred bits during a studied time interval. BER is a unit-less 
performance measure, often expressed as a percentage. [25] 
                      4.7.1.2 CW Laser 
                                            A continuous wave or continuous waveform (CW) is 
an electromagnetic wave of constant amplitude and frequency. Continuous wave is also the 
name given to an early method of radio transmission, in which a carrier wave is switched on 
and off. Information is carried in the varying duration of the on and off periods of the signal, 
for example by Morse code in early radio. In early wireless telegraphy radio transmission, CW 
waves were also known as "un-damped waves", to distinguish this method from damped 
wave transmission. [26] 
                                          
                                              Fig. 4.7.1.1 CW Laser layout 
 
4.7.1.3 Low Pass Butterworth Filter 
 
                                                  The frequency response of the Butterworth Filter approximation 
function is also often referred to as “maximally flat” (no ripples) response because the pass 
band is designed to have a frequency response which is as flat as mathematically possible from 
0Hz (DC) until the cut-off frequency at -3dB with no ripples. Higher frequencies beyond the 
cut-off point rolls-off down to zero in the stop band at 20dB/decade or 6dB/octave. This is 
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because it has a “quality factor”, “Q” of just 0.707.[27] 
                          4.7.1.4 MZ Modulation 
 
                                         A Mach-Zehnder modulator is used for controlling the amplitude 
of an optical wave. The input w aveguide is split up into two waveguide interferometer 
arms. If a voltage is applied across one of the arms, a phase shift is induced for the wave 
passing through that arm. When the two arms are recombined, the phase difference between 
the two waves is converted to an amplitude modulation.[28] 
                                                               
                                                     Fig. 4.7.1.4 MZ Modulation layout [29] 
                            4.7.1.5 NRZ Pulse Generator 
                                             In telecommunication, a non-return-to-zero (NRZ) line code is 
a binary code in which ones are represented by one significant condition, usually a positive 
voltage, while zeros are represented by some other significant condition, usually a negative 
voltage, with no other neutral or rest condition. The pulses in NRZ have more energy than 
a return-to-zero (RZ) code, which also has an additional rest state beside the conditions for ones 
and zeros. NRZ is not inherently a self-clocking signal, so some additional synchronization 
technique must be used for avoiding bit slips; examples of such techniques are a run length 
limited constraint and a parallel synchronization signal.[30]  
                                                          
                                                    Fig. 4.7.1.5 NRZ Pulse Generator Layout [31] 
                           4.7.1.6 Optical Amplifiers 
                                        An optical amplifier is a device that amplifies 
an optical signal directly, without the need to first convert it to an electrical signal. An optical 
amplifier may be thought of as a laser without an optical cavity, or one in which feedback from 
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the cavity is suppressed. Optical amplifiers are important in optical communication and laser 
physics.[32] 
                      4.7.1.7 Optical Attenuators 
                                       An optical attenuator, or fiber optic attenuator, is a device used to 
reduce the power level of an optical signal, either in free space or in an optical fiber. The basic 
types of optical attenuators are fixed, step-wise variable, and continuously variable.[34] 
                                                            
                                                        Fig. 4.7.1.7 Optical Attenuators layout [34] 
 
                        4.7.1.8 Optical Fibers 
                                     An optical fiber (or optical fibre) is a flexible, transparent fiber made 
by drawing glass (silica) or plastic to a diameter slightly thicker than that of a human 
hair. Optical fibers are used most often as a means to transmit light between the two ends of the 
fiber and find wide usage in fiber-optic communications, where they permit transmission over 
longer distances and at higher bandwidths (data rates) than wire cables.[34] 
               4.7.1.9 PIN Photodiode 
                                   A PIN diode is a diode with a wide, un-doped intrinsic 
semiconductor region between a p-type semiconductor and an n-type semiconductor region. 
The p-type and n-type regions are typically heavily doped because they are used for ohmic 
contacts.[35] 
                  4.7.1.10 Pseudo Random Bit Sequence Generator 
                                         A PRBS (Pseudo-Random Bit Sequence) is a binary waveform with a 
sequence that is almost impossible to predict. PRBS waveforms are used within secure 
communications systems.[36] 
 
                   4.7.1.11 WDM Mux 
                                                                     In fiber-optic communications, wavelength-division 
multiplexing (WDM) is a technology which multiplexes a number of optical carrier signals 
onto a single optical fiber by using different wavelengths (i.e., colors) of laser light. This 
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technique enables bidirectional communications over one strand of fiber, as well as 
multiplication of capacity.[37] 
                  4.7.1.12 WDM De-mux 
                                        Fiber Bragg gratings can be used for making all fiber de-
multiplexers. AWG De-multiplexer shows an Array waveguide grating (AWG) de-
multiplexer. [38] 
 
 
                                                Fig. 4.7.1.12 WDM De-mux [38] 
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Chapter 5 
 
Simulation of Project on Opti-System Software 
 
5.1 Simulation of simple Transmitter and Receiver circuit 
  
5.1.1 Circuit Diagram: 
 
 
                                            Fig. 5.1.1 Layout of simple transmitter and receiver 
 
       Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > Optical 
Sources. 
3. Drag the CW Laser to the Main layout 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
6. From the Component Library, select Default > Transmitters Library > Bit 
Sequence Generators. 
7. Drag the Pseudo-Random Bit Sequence Generator to the Main layout. 
8. From the Component Library, select Default > Transmitters > Pulse 
Generators > Electrical. 
9. Drag the NRZ Pulse Generator to the Main layout. 
10. From the Component Library, go to Default > Visualizer > Optical > Optical 
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Power meter. Drag and drop the OPM. 
11. From the component library, go to Default > Optical Fiber Library > Select 
Optical Fiber 
12. From the Component Library, go to Default > Passive Library > Attenuator. 
Drag and drop the attenuator. 
13. From the component Library, go to Default > Receiver Library > Photo-
detector > PIN Photo-detector. Drag and drop the PIN Photo-detector. 
14. Save the Layout. 
15. Press F5 to run the simulation. 
16. Double click the Optical power meter to get the power reading from various 
parameters. 
17. Similarly go on increasing the length of the optical fibre and note down the 
various powers from the optical power meter. 
 
 
5.1.2 OUTPUT:  
 
 
                                                     Fig. 5.1.2.a Output layout of transmitter and receiver 
 
In the above figure we can observe that the fibre length is varied starting from 50m and the attenuation 
is fixed throughout the experiment i.e  0dB. 
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                  Fig. 5.1.2.b Output layout                                               Fig. 5.1.2.c Output layout      
In the above figure we can observe that the fibre          In the above figure we can observe that the fibre  
length is 60m and the attenuation is fixed to 0dB.         length is 70m and the attenuation is fixed to 0dB. 
 
 
  
 
              Fig. 5.1.2.c Output layout                                                    Fig. 5.1.2.d Output layout 
In the above figure we can observe that the fibre          In the above figure we can observe that the fibre  
length is 80m and the attenuation is fixed to 0dB.         length is 90m and the attenuation is fixed to 0dB. 
 
 
  
 5.1.3 Readings Table: 
 
   
Sr.No Optical Fibre Length(M) Optical power meter (W) 
1 50 49.22 
2 60 31.056 
3 70 18.97 
4 80 12.364 
5 90 7.554 
                                                             Fig. 5.1.3 Observation table 
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5.1.4 Graph:   
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
                                                             
 
 
 
 
 
 
                                                        
 
 
 
 
 
 
 
                                                Fig. 5.1.4 Graph of simulation table 
 
 
                    Hence from the above table and the graph it can be clearly seen that as the length of 
the optical fibre increases the power at the output of fiber at receiver end decreases respectively 
during the transmission period. 
 
 
5.2 Simulation of Transmitter and Receiver circuit with attenuator 
 
 5.2.1 Circuit Diagram: 
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                                                 Fig. 5.2.1 Layout of transmitter and receiver with attenuator 
                 
  Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A blank Main layout 
appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > Optical 
Sources. 
3. Drag the CW Laser to the Main layout 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
6. From the Component Library, select Default > Transmitters Library > Bit Sequence  
7. Generators. 
8. Drag the Pseudo-Random Bit Sequence Generator to the Main layout. 
9. From the Component Library, select Default > Transmitters > Pulse Generators > 
Electrical. 
10. Drag the NRZ Pulse Generator to the Main layout. 
11. From the Component Library, go to Default > Visualizer > Optical > Optical Power 
meter. Drag and drop the OPM. 
12. From the component library, go to Default > Optical Fiber Library > Select Optical 
Fiber. 
13. From the Component Library, go to Default > Passive Library > Attenuator. Drag 
and drop the attenuator. 
14. From the component Library, go to Default > Receiver Library > Photo-detector > 
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PIN Photo-detector. Drag and drop the PIN Photo-detector. 
15. Save the Layout. 
16. Press F5 to run the simulation. 
17. Double click the Optical power meter to get the power reading from various parameters. 
18. Similarly go on increasing the attenuation of the optical attenuator and note down the 
various powers from the optical power meter. 
 
 
5.2.2 OUTPUT: 
 
 
                                    Fig. 5.2.2.a Output of transmitter and receiver with attenuator 
 
                            In the above figure we can observe that the fibre length is fixed throughout this 
experiment i.e 50m and the attenuation is varied starting from 0dB. 
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               Fig. 5.2.2.b Output layout                                                 Fig. 5.2.2.c Output layout 
 
In the above figure we can observe that the fibre          In the above figure we can observe that the fibre  
length is fixed to50m and the attenuation is 2dB.         length is fixed to 90m and the attenuation is 4dB. 
 
    
                Fig. 5.2.2.c Output layout                                                Fig. 5.2.2.d Output layout 
 
In the above figure we can observe that the fibre          In the above figure we can observe that the fibre  
length is fixed to50m and the attenuation is 6dB.         length is fixed to 90m and the attenuation is 8dB. 
 
5.2.3 Readings Table: 
 
Sr.No Optical Attenuator (dB) Optical power meter (W) 
1 0 47.66 
2 2 29.057 
3 4 19.29 
4 6 12.168 
5 8 7.809 
                                                                   Fig. 5.2.3 Observation table 
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           5.2.4 Graph: 
 
            
                                                              Fig. 5.2.4 Graph of the simulation 
    
 
                          Hence from the above table and the graph it can be clearly seen that as the attenuation in 
the optical fibre increases the power at the output end decreases respectively during the transmission 
period. 
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5.3 Simulation of simple Transmitter and Receiver circuit with amplifier 
 
5.3.1 Circuit Diagram: 
 
 
                                           Fig. 5.3.1 Layout of transmitter and receiver with amplifier 
          Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > 
Optical Sources. 
3. Drag the CW Laser to the Main layout 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
6. From the Component Library, select Default > Transmitters Library > Bit 
Sequence Generators. 
7. Drag the Pseudo-Random Bit Sequence Generator to the Main layout. 
8. From the Component Library, select Default > Transmitters > Pulse 
Generators > Electrical. 
9. Drag the NRZ Pulse Generator to the Main layout. 
10. From the Component Library, go to Default > Visualizer > Optical > Optical 
Power meter. Drag and drop the OPM. 
11. From the component library, go to Default > Optical Fiber Library>Select 
Optical Fiber. 
12. From the Component Library, go to Default > Passive Library > Attenuator. 
Drag and drop the attenuator. 
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13. From the Component Library, go to Default > Amplifier Library > Optical > 
Amplifier. Drag and drop the amplifier. 
14. From the component Library, go to Default > Receiver Library > Photo-
detector > PIN Photo-detector. Drag and drop the PIN Photo-detector. 
15. Save the Layout. 
16. Press F5 to run the simulation. 
17. Double click the Optical power meter to get the power reading from various 
parameters. 
18. Similarly go on increasing the amplification power of the optical amplifier and 
note down the various powers from the optical power meter. 
 
 
5.3.2 OUTPUT: 
 
 
                                Fig. 5.3.2.a Output of transmitter and receiver with amplifier 
 
In the above figure we have introduced an amplifier in the simple transmitter-receiver circuit. 
Because of which there is an increase in the output power where the length of the fibre is 50m. 
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                                Fig. 5.3.2.b Output of transmitter and receiver with amplifier 
 
In the above figure we have introduced an amplifier in the simple transmitter-receiver circuit. 
Because of which there is an increase in the output power where the length of the fibre is 60m. 
 
 
 
 
                                Fig. 5.3.2.c Output of transmitter and receiver with amplifier 
 
In the above figure we have introduced an amplifier in the simple transmitter-receiver circuit. 
Because of which there is an increase in the output power where the length of the fibre is 70m. 
 
58  
 
                                Fig. 5.3.2.d Output of transmitter and receiver with amplifier 
 
In the above figure we have introduced an amplifier in the simple transmitter-receiver circuit. 
Because of which there is an increase in the output power where the length of the fibre is 80m. 
 
 
 
 
                                Fig. 5.3.2.e Output of transmitter and receiver with amplifier 
 
In the above figure we have introduced an amplifier in the simple transmitter-receiver circuit. 
Because of which there is an increase in the output power where the length of the fibre is 90m. 
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    5.3.3 Readings Table: 
 
 
Sr.No Optical Fibre Length Optical power meter (W) 
1 50 496.668 
2 60 293.877 
3 70 191.809 
4 80 123.104 
5 90 77.843 
                                                                  Fig. 5.3.3 Observation table 
 
 
5.3.4 Graph: 
 
      
                                                       Fig. 5.3.4 Graph of the simulation 
 
 
                           Hence comparing the table of experiment 6.1 and experiment 6.3 we can clearly see 
that there is a gradual increase in the optical power which is received at the output. 
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      5.3.5 Comparison table : 
 
Sr.No Optical Fibre Length Reading without AMP Readings with Amplifier 
1 50 49.22 496.668 
2 60 31.056 293.877 
3 70 18.97 191.809 
4 80 12.364 123.104 
5 90 7.554 77.843 
 
 
 
      5.3.6 Comparison graph: 
 
 
 
 
 
From the above table reading as well as from the graph it can be clearly seen that with the 
present of the amplifier there is a considerable increase in the output at the end of the fibre 
during transmission. The same power at the output goes on decreasing if there is a considerable 
increase in the fibre length. 
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5.4 Simulation for Bit Error Rate 
 
5.4.1 Circuit Diagram: 
 
 
                                                  Fig. 5.4.1 Layout of bit error rate circuit 
            
                     Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > 
Optical Sources. 
3. Drag the CW Laser to the Main layout 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
6. From the Component Library, select Default > Transmitters Library > 
Bit Sequence Generators. 
7. Drag the Pseudo-Random Bit Sequence Generator to the Main 
layout. 
8. From the Component Library, select Default > Transmitters > Pulse 
Generators > Electrical. 
9. Drag the NRZ Pulse Generator to the Main layout. 
10. From the Component Library, go to Default > Visualizer > Optical > 
Optical Power meter. Drag and drop the OPM. 
11. From the component library, go to Default > Optical Fiber 
Library>Select Optical Fiber. 
12. From the Component Library, go to Default > Passive Library > 
Attenuator. Drag and drop the attenuator. 
13. From the Component Library, go to Default > Amplifier Library > 
Optical > Amplifier. Drag and drop the amplifier. 
14. From the component Library, go to Default > Receiver Library > 
Photo-detector > PIN Photo-detector. Drag and drop the PIN Photo-
detector. 
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15. From the Component Library, go to Default > Visualizer > Optical > 
BER Analyzer. Drag and drop the BER analyzer. 
16. Save the Layout. 
17. Press F5 to run the simulation. 
18. Double click the Optical power meter to get the power reading from 
various parameters. 
19. Similarly go on increasing the amplification power of the optical 
amplifier and note down the various powers  from the optical power 
meter. 
 
5.4.2 OUTPUT: 
 
            
           Fig. 5.4.2.a Output layout                                                     Fig. 5.4.2.b Output layout 
 
In the above fig. the input bitrate is increased                In the above fig. the input bitrate is increased to  
from 1e+9 and so on while the fibre length and             2.5e+9 while the fibre length and the attenuation 
attenuation is kept constant.                                            is kept constant. 
 
 
           
                   Fig. 5.4.2.c Output layout                                                   Fig. 5.4.2.d Output layout 
 
In the above fig. the input bitrate is increased                In the above fig. the input bitrate is increased to  
from 5e+9 and so on while the fibre length and             7.5e+9 while the fibre length and the attenuation 
attenuation is kept constant.                                            is kept constant. 
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5.4.3 Readings Table: 
 
Sr.No Optical Fibre Length Maximum Q factor 
1 1e+9 73.310 
2 2.5e+9 39.642 
3 5e+9 16.094 
4 7.5e+9 13.660 
5 10e+9 8.021 
                                                                   Fig. 6.4.3 Observation table 
             
 
5.4.4 Graph: 
 
 
            
                                                           Fig. 5.4.4 Graph of the simulation 
 
From the output graph as well as from the output layouts we can clearly observe that as the input bit rate 
are increased the Q factor goes on decreasing simultaneously and we get a distorted eye pattern image. 
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5.5 Simulation of transmitter receiver circuit with help of multiplexer without amplifier 
 
 5.5.1 Circuit Diagram: 
 
 
                                            Fig.5.5.1 Layout of multiplexer and de-multiplexer circuit 
                            
 
 Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A 
blank Main layout appears in the Project layout window. 
2. In the Main layout, select the components that you want to include in the 
subsystem. A box appears around the selected components. 
3. Right-click the selection. A context menu appears. 
4. From the context menu, select Create Subsystem. 
The subsystem appears in a glass box. When you look inside the 
subsystem, a subsystem tab appears at the bottom of the Main layout. 
Note: The visualizers that are not included in the selection are 
disconnected. The subsystem does not add additional ports to connect the 
visualizers. 
5. From the Component Library, 
select Default > WDM Multiplexers Library >Multiplexers. 
6. Drag the WDM Mux 8×1 to the Main layout. 
7. From the Component Library, go to Default > Visualizer > Optical > 
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Optical Power meter. Drag and drop the OPM. 
8. From the Component Library, select Default > WDM Multiplexers 
Library >De-multiplexers. 
9. Drag the WDM De-mux 1×8 to the Main layout. 
10. Save the Layout. 
11. Press F5 to run the simulation. 
12. Double click the Optical power meter to get the power reading from 
various parameters. 
13. Similarly go on increasing the length of the optical amplifier and note 
down the various powers from the optical power meter. 
 
 
5.5.2 OUTPUT: 
 
                                                  Fig. 5.5.2.a Output layout after simulation 
In the above output layout input data are sent from various subsystems which is being passed through 
a fixed fibre length. The data are multiplexed at the transmitter side and is de-multiplexed at the 
receiver side simultaneously. 
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                                                     Fig. 5.5.2.a Output layout after simulation 
 
                       Hence from the above simulation we can say that the data from various 
subsystems are successfully multiplexed and on the receiver end it is successfully de-
multiplexed on the transmission medium. We also observe that there is a transmission loss of 
data if we compare in input and output. 
 
5.6 Simulation of transmitter receiver circuit with help of multiplexer with amplifier 
 
5.6.1 Circuit Diagram: 
 
 
                                           Fig. 5.6.1 Layout of multiplexer and de-multiplexer with amplifier 
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                           Procedure: 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. In the Main layout, select the components that you want to include in the 
subsystem. A box appears around the selected components. 
3. Right-click the selection. A context menu appears. 
4. From the context menu, select Create Subsystem. 
The subsystem appears in a glass box. When you look inside the subsystem, a 
subsystem tab appears at the bottom of the Main layout. 
Note: The visualizers that are not included in the selection are disconnected. The 
subsystem does not add additional ports to connect the visualizers. 
5. From the Component Library, go to Default > Amplifier Library > Optical > 
Amplifier. Drag and drop the amplifier. 
6. From the Component Library, 
select Default > WDM Multiplexers Library >Multiplexers. 
7. Drag the WDM Mux 8×1 to the Main layout. 
8. From the Component Library, go to Default > Visualizer > Optical > Optical 
Power meter. Drag and drop the OPM. 
9. From the Component Library, select Default > WDM Multiplexers 
Library >De-multiplexers. 
10. Drag the WDM De-mux 1×8 to the Main layout. 
11. Save the Layout. 
12. Press F5 to run the simulation. 
13. Double click the Optical power meter to get the power reading from various 
parameters. 
14. Similarly go on increasing the length of the optical amplifier and note down the 
various powers from the optical power meter. 
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5.6.2 OUTPUT: 
 
 
                                               Fig. 5.6.2.a Output layout after simulation 
 
 
 
 
                                               Fig. 5.6.2.b Output layout after simulation 
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                                               Fig. 5.6.2.c Output layout after simulation 
 
                      Hence from the above simulation we can say that the data from various 
subsystems are successfully multiplexed and on the receiver end it is successfully de-
multiplexed on the transmission medium in presence of amplifier. We also observe that there is 
an enhancement of power at the output part while compare in input and output. 
 
5.7 Simulation of transmitter circuit with help of Optical time domain analyzer 
 5.7.1 Circuit Diagram: 
 
 
                 Fig, 5.7.1 Layout of transmitter circuit with help of Optical time domain analyzer 
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 Procedure : 
1. To start a new project, from the Main toolbar, select File > New. A blank Main 
layout appears in the Project layout window. 
2. From the Component Library, select Default > Transmitters Library > 
Optical Sources. 
3. Drag the CW Laser to the Main layout 
4. From the Component Library, select Default > Transmitters > Modulators > Optical. 
5. Drag the Mach-Zehnder Modulator to the Main layout 
6. From the Component Library, select Default > Transmitters Library > 
Bit Sequence Generators. 
7. Drag the Pseudo-Random Bit Sequence Generator to the Main 
layout. 
8. From the Component Library, select Default > Transmitters > Pulse 
Generators > Electrical. 
9. Drag the NRZ Pulse Generator to the Main layout. 
10. From the Component Library, go to Default > Visualizer > Optical > 
Optical Power meter. Drag and drop the OPM. 
11. From the component library, go to Default > Optical Fiber 
Library>Select Optical Fiber. 
12. From the component library, go to Default 
13. Save the Layout. 
14. Press F5 to run the simulation. 
15. Double click the Optical power meter to get the power reading from 
various parameters. 
16. Similarly go on increasing the length of the optical amplifier and note 
down the various powers from the optical power meter. 
 
5.7.2 OUTPUT: 
 
 
Fig. 5.7.2.a Output layout after simulation 
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In the above figure we have set input bitrate at 2.5e+9 and the following output is observed at 
the optical time domain visualizer. In which we can observe that the signal conjunction is very 
low as compared to the rest output. 
 
 
Fig. 5.7.2.b Output layout after simulation 
In the above figure we have set input bitrate at 5e+9 and the following output is observed at the 
optical time domain visualizer. In which we can observe that the signal conjunction relatively 
increases as compared to 2.5e+9.  
 
 
Fig. 5.7.2.c Output layout after simulation 
 
In the above figure we have set input bitrate at 7e+9 and the following output is observed at the 
optical time domain visualizer. In which we can observe that the signal conjunction increases 
more as compared to 5e+9 bitrate.  
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Fig. 5.7.2.d Output layout after simulation 
 
In the above figure we have set input bitrate at 8.5e+9 and the following output is observed at 
the optical time domain visualizer. In which we can observe that the signal conjunction 
increases more as compared to 7e+9 bitrate. 
 
 
Fig. 5.7.2.e Output layout after simulation 
 
In the above figure we have set input bitrate at 10e+9 and the following output is observed at 
the optical time domain visualizer. In which we can observe that the signal conjunction is very 
high as compared to the rest of the earlier bitrates. 
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